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Abstract 


The possibility of producing nitromethane 
by the atmospheric pressure gas-phase nitration of natu- 
ral gas has been investigated. The temperature range 
covered varied from 354°C to 455°C. and the mol ratio of 
methane to nitric acid varied from 9.6:1 to 26:1. The 
maximum yield was 35.3 per cent at a temperature of ALO-€.. 
contact time of 2.47 seconds and mol ratio of methane to 


HibTTe acid of Leek. 


games Joseph Burris 


(May 17, 1924) 
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Introduction 


The recent successful gas phase nitration of 
the paraffin hydrocarbons opens up an important new field 
in industrial chemistry. The varied and versatile uses of 
the nitroparaffins have long been known but expensive pro- 
cedures for their manufacture have prevented their wide use. 
With the introduction of gas phase nitration the cost of the 
nitroparaffins has been lowered to such an extent that their 
use in many fields is prophesied. 

Nitromethane finds use as an ingredient of solvent 
mixtures for nitrocellulose and in the production of chloro- 
picrin. The nitroparaffins are also used as inhibitors of 
gelling in vulcanizing cements. They are solvents for cellu- 
lose acetate, cellulose triacetate, cellulose acetobutyrate, 
vinyl resins, nitrocellulose, synthetic resins, dyes, oils, 
fats, waxes, and many other organic materials. They are used 
in the synthesis of organic compounds including rubber chem- 
icals, emulsifying agents, pharmaceuticals, dyestuffs, photo- 
graphic chemicals, insecticides, larvicides, wetting agents, 
and textile chemicals. The hydroxamic acids which are de- 
rivable from the nitroparaffins have found some use as flo- 
tation agents for copper ores. 

Because of the large potential market for these 
products and because of the availability of a cheap source 
of high-methane natural gas in Alberta this study was under- 
taken. While considerable work has been done in the United 


States on the gas phase nitration of paraffins very little 
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has been reported on the nitration of natural gas. 

The work covered in this thesis involved a conm- 
prehensive literature and patent review on the general topic 
of the gas phase nitration of the paraffins with particular 
emphasis on methane. A simplified nitrating apparatus was 
constructed and the effect of mol ratio and temperature on 


yield at constant contact time were studied. 
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Literature Keview 

Work carried out at Purdue University by Hass 
and co-workers on the gas phase nitration of paraffin hydro- 
carbons and reported in 1934 (P2) was the beginning of a 
series of studies that resulted in the successful nitration 
of butane, isobutane, propane, ethane and methane. The gas 
phase nitration of ethane, propane, butane and isobutane were 
carried out without much difficulty. Methane however proved 
to be more difficuit, and the first attempts to nitrate this 
gas failed. Landon (P4) ot the research staff of the Hercules 
Frowder Company first reported the successful nitration of 
methane. 

Hass, Hodge and Vanderbilt prepared nitromethane, 
nitroethane, both nitropropanes and ali four nitrobutanes by 
the nitration of isobutane, butane and propane at 4260-6) 
ihey reported that the ratio of isomers in the reaction pro- 
ducts is controllabie (5). ‘The effects of various modifica- 
tions ot the nitration precedure were also reported. iihen 
air or tree oxygen is added to the nitration mixture the 
oxidation reaction is favored with no increase in the nitra- 
tion. This is probably because the equilibrium 

4 HNO, 2= 4 NOs + 2H20 + Op: 
is displaced completely to the right at these temperatures 
and the only reason that nitric acid is present is that it 
has not had time to decompose. 

The yeld of nitroparaffin was found to increase 


With increasing hydrocarbon concentration in the inlet gases 
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until the ratio is about 14 to 1, after which there is 
little or no effect. 

Hass and co-workers nitrated n-pentane at 400°C. 
obtaining the following nitroparaffins, l-nitropentane, 2- 
nitropentane, S-nitropentane, l-nitrobutane, l-nitropropane, 
nitroethane and nitromethane (4). 

The nitration of isopentane was carried out at 
two temperatures 380°C. and. 420-¢...(12)., @ae average yield 
per pass based on the nitric acid added was 17.5 per cent. 
The average mole ratio of hydrocarbon to acid was 1.71. At 
420°C. the average yield per pass was 25.5 per cent, and the 
average mole ratio of hydrocarbon to acid was 4.75. 

Hibshman, Frierson and Hass carried out work on the 
nitration of ethane (8). A maximum conversion of 33 per cent 
was obtained with a contact time of 0.55 seconds and a tem- 
perature of 455°C.; a temperature of 475°C. was required to 
give the maximum conversion of 32 per cent with 0.23 seconds 
exposure time. The 50 per cent nitric acid used in this in- 
vestigation contained 5 grams/litre of dissolved potassium 
nitrate. There was some retention of the salt in the reaction 
chamber which had a beneficial effect. The salt film daded 
the nitration reaction, probably by masking the catalytic 
effect of the stainless steel walls on the competitive ox- 
idation reaction. | 

The conversion of acid to nitroparaffin increased 


with an increase in mole ratio up to an ethane-nitric acid 
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ratio of 10 to 1; above that value further increases had 
little effect. At mole ratios below 10 to 1 the reaction 
temperature control was poor, and it is probable that the 
low conversions accompanying low hydrocarbon excesses are 
somewhat attributable to this lack of temperature control. 
With a contact time of 0.30 - 0.33 seconds, bath tempera- 
tures above 450°C. were attended by poor temperature con- 
trol. 

Analyses of the exit gases of a vapor-phase 
nitration Pere indicated that the elemental nitrogen con- 
tent is never greater than 5 per cent of the nitric acid 
which is passed through the reactor. The balance of the 
nitrogen appears as nitroparaffin or as oxides of nitrogen. 
if provision were made to reconvert the nitrogen oxides to 
nitric acid, the conversions of 32 per cent would correspond 
to a yield of about 90 per cent, based on the formation of 
nitroparaffin from nitric acid. 

Since considerable success was achieved by using 
nitric acid as a starting medium for the nitration of para- 
ffins attention was concentrated on the advisability of 
uSing nitrogen dioxide as the nitrating agent. Hass, Dorsky 
and Hodge (5) made a study of the conditions of temperature 
and contact time best suited for the production of the nitro- 
paraffins from nitrogen dioxide and propane over a wide 
temperature range. ‘ithe mole ratio of hydrocarbon to NOs was 


maintained as closely as possible to 4:1. ‘This mixture was 
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found to be non explosive. Over the range of reaction 
temperatures studied from 600°C. to 425°C. the maximum 
conversion varied from 4 per cent at the highest to about 
9 per cent at the lowest. The conversion increased from 
6.6 per cent at a contact time of 0.725 minutes to 26 per 
cent at 14.2 minutes. 

The vapor phase nitration of propane with nitro- 
gen dioxide produced a mixture of nitroparaffins along with 
other products which presumably resulted from the simultan- 
eous oxidation and cracking reactions. High temperatures 
favored the formation of the by-products such as aldehydes, 
Olefins and carboxylic acids resulting from the side re- 
actions. At the contact time necessary for maximum conver- 
sion even at 248°C. the oxidation reaction was still appre- 
cCiable. This was evidenced by the fact that 5 per cent of 
the reaction product at this temperature consisted of 
aldehydes. In some of the runs at high temperatures a white 
crystalline substance separated out in the condensing system. 
the crystals were identified as ammonium nitrate, and their 
presence indicates that ammonia was formed during the re- 
action. 

The relative proportions of the various nitro- 
paraffins produced, varied with the reaction temperature. 
This variation was in accordance with the observation that 
high temperature favors the formation of the lower nitro 


compounds (nitromethane and nitroethane) and primary substi- 
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tution products (l-nitropropane) at the expense of secondary 
and / or tertiary isomers (2-nitropropane). 

Nitrogen dioxide and nitric acid yield the same 
hnitroparaffins although conversions are lower with the 
former reagent. 

Landon, of the Hercules Powder Company, nitrated 
methane in the gas phase using a reaction vessel having a 
ferrous inner surface with a ratio of surface area to vol- 
ume less than that of a ~ inch tube (P4). ‘The range of 
temperature varied from 375° to about 550° at a contact 
time in the reaction zone within the range of about 1.0 sec- 
onds to about 0.005 seconds. ‘The reaction mixture was rapid- 
ly removed from the reaction zone and cooled. 

In the nitration of paraffins, the production of 
nitromethane has presented acute problems due to low con- 
Versions and difficulty in recovering the unreacted methane 
to permit its recycling to the nitrator. Rideout (F8) has 
shown that these problems can to a large extent, be obviated 
by using a Single pass nitration wherein the methane is 
diluted by a recirculated inert gas such as nitrogen. When 
the methane content of the gas mixture is reduced to about 
10 to 15 per cent, relatively high yieids of nitromethane 
are obtained. 

Boyd and Hass (1) reported on the nitration of 
methane at atmospheric pressure, the nitromethane being fom- 


ed by the direct reaction of co-mingled streams of CHy and 
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of HNO, in CO, and steam. ‘The nitric acid used had a con- 
centration of 67 per cent and the reaction temperatures 
ranged from 375°C. to 600°C. ‘The most favorable conditions 
found using a ratio of 9 moles of methane to 1 of nitric 
acid, are a temperature of 475°C. and an exposure time of 
0.18 seconds. The optimum conversion of nitric acid to 


nitromethane was 15 per cent per pass. 


A 


A run with natural gas containing ethane always 
yields more than the proportional amount of nitroethane in 
the nitrated product since the yield of this nitroparaffin 
per pass is almost three times that of nitromethane. it 
was shown that when the mol ratio of hydrocarbon to nitric 
acid exceeds 9 to 1, there is no appreciable effect on the 
yield from the reaction. 

Hass, Shechter, Alexander and Hatcher (6) deter- 
mined the effect of pressure on the gas phase nitration of 
methane. ‘Their work was carried out in a pyrex reactor at 
low pressures and in a 18-8 stainless steel vessel at high 
pressures. ‘These authors state that reactors constructed fra 
glass tubing of large diameter give low conversions of nitric 
acid to nitromethane. 

A maximum conversion of 16.4 per cent was obtained 
in pyrex tubing having an outside diameter of 7 mm., whereas 
a@ conversion of 12.2 per cent resulted from an experiment 


conducted under similar conditions in a reactor constructed 
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from glass tubing with an outside diameter of 25 mm. ihese 
results indicated to the authors that reactors having a large 
ratio of surface area to volume are necessary to control 
the reaction temperature. 

No appreciable effect on reaction yields was ob- 
served by uSing nitric acid ranging in composition from 40 
to 70 per cent HNOs. | 

it was conciuded that the nitration reaction at 
a gauge pressure of 100 pounds per square inch is difficult 
to control and that a mol ratio of methane to nitric acid 
of at ieast 10:1 must be maintained to obtain good yields. 
The nitration yield is increased by raising the pressure to 
100 pounds per square inch, but no great advantage is to be 
gained by using higher pressures. A maximum yield of 27.2 
per cent was reported at a pressure of 100 pounds per square 
inch at an exposure time of 0.75 seconds and a temperature 
of 444°C. 

some work has been done on methods of recovering 
the products formed in the reaction and the recycling of 
the unreacted portion. Kieweg (P3) reports on a method for 
the recovery of lower nitroalkanes from the gaseous products 
of vapor phase nitration of lower alkanes by HNOg or NOo at 
elevated temperatures. The lower nitroalkanes in the gaseous 
reaction products are eed by bringing the reaction pro- 
ducts into contact with silica gel. 


Jerome Martin and E. B. Hodge (P7) developed a 
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cyclic process for the nitration of the lower alkanes which 
involve removing lower nitroalkanes from the paseeuc mix- 
ture resulting from the nitration reaction, and subjecting 
the remaining gases to scrubbing with an aqueous medium to 
remove substantially all the aldehydes and ketones, and 
introducing the resulting gases into the reaction mixture 
for the suceeding cycle. 

Nitromethane is the only mononitroparaffin which 
can be detonated with a cap (3) but the homologous mono- 
nitroparaffins may explode when heated in a closed container 
under pressure (11). 

Nitroparaffins have a characteristic, mild, not 
unpleasant odor usually described as chloroform-like. They 
are entirely colorless when pure. further properties of 
hitromethane are given in the appendix. 

The nitroparaffins have many potential industrial 
uses. As long ago as 1907 Fischer (Pl) patented the use of 
nitromethane as a solvent for cellulose nitrate and cellulose 
acetate. 

Nitromethane is also a surprisingly reactive com- 
pound as can be seen by referring to the nitromethane tree 
in the appendix. 

Loomis (P6) has patented the use of nitroparaffins 


aS a priming compound in diesel fuels. 
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Theory 


The liquid-phase nitration of paraffinic hydro- 
carbons is confronted with certain inherent difficulties. 
Nitric acid and the alkanes are mutually insoluble, whereas 
the nitrated product is considerably more soiuble in the 
nitric acid layer and is there subjected to further nitration, 
hydrolysis and oxidation. These particular difficulties may 
be removed by operating in the vapor phase. The reactants. 
may then be mixed in any desired proportions, and since the 
reaction is almost instantaneous, practically no polynitro 
derivatives are formed. 

Wenner (13) has shown from the equation and free 
energy data given as follows, that the nitration of methane 
is accompanied by a free energy decrease at all temperatures. 

CH4(g) + HNOg(g)—> CHgNOs(g) + He0(g) 


.) 


AE pao neon 975—05.76)T 


Since methane cannot be nitrated at low tempera- 
tures it is apparent that the yield from thie reaction is 
limited by catalytic and kinetic factors. 

Along with nitration the following oxidation and 
decomposition reactions may occur - 

HNOg —> 1/2 Ho + 1/2 Np + 3/2 Oo 

4 F° 2 0 at approx. 394°C, 

2 HNOZ——> 2 NO + 3/2 Uo + H20 
AF = 50,370 - 95.4 ? 

CHgN02g ——> CO + H20 + 1/2 Ho + 1/2 Noe 
AF «66,500 - 3 Tin T - 34 f 
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CH, + HNOz—»>C0, C0p, H90, Ng, NO, Hg0, HgCO ete. 


a ¥? negative 

The mechanism of vapor phase nitration has been 
studied by McCleary and Degering (10). ‘Their results in- 
dicate that the alkanoic acids are not intermediates and 
that addition complexes and / or free radicals or both may 
account for the reaction products. The production of 
optically-active nitroalkanes seems to preclude the possibil- 
ity of free radicals, since free radicals would yield racemic 
mixtures. The activated intermediate, therefore, may be 
assumed to be a momentary addition complex between the hydro- 
carbon and the nitric acid. This intermediate subsequently 
loses water. 

Both the nitration reaction and the competing oxi- 
dation reaction are exothermic. 

Hibshman, Pieron and Hass (8) have shown that the 


nitration is a homogeneous gas phase reaction. 


Since the reaction has an activation energy of 52 
cals./mol it is preferentially accelerated by an increase in 
temperature. Elevated pressures increase the reaction rate 
and the difficulty of temperature control without greatly 
increasing the yields (6). | 

Catalysts accelerate the oxidation reaction rather 
than the nitration one. Silica gel, nitric oxide, platinum 
oxide, iron, copper, lead and the heavy metal oxides catalyze 


oxidation and thus result in poor yields of nitroparaffins, 
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whereas light, aluminum nitrate or carbon monoxide have no 
appreciable effect. However it has been found that the 
chromium-nickel steels which resist the corrosive reaction 
of nitric acid at high temperatures will not greatly effect 
the oxidation and decomposition reactions if a mixture of 
sodium and potassium nitrate is sprayed continuously into 
the reactor (7). A silicate catalyst containing arsenic 

or antimony or both is reported to improve the yield of 


nitroparaitfins (P5). 
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Materials 


Natural gas from the Kinsella and / or Viking 
gas field, available in the city service lines, was used 
as the hydrocarbon source. ‘This gas has the following 


composition ; 


Methane 93.90% 
Ethane 0.86% 
Carbon dioxide 0.10% 
Oxygen 0.13% 
Nitrogen 31.0) % 


it was found convenient throughout this study to 
consider the natural gas as methane plus inerts, the inerts 
consisting of carbon dioxide, oxygen and nitrogen. 

The nitric acid used was 71.7 per cent. This 


acid was filtered through glass wool before using. 
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The apparatus for the gas phase nitration of 
natural gas was designed for continuous uniform flow of 
both gas and nitric acid into 4a reactor in a molten salt 
bath maintained at a controlled temperature. A series of 
condensers and a caustic scrubber completed the flow system. 
A detailed description follows. 

Referring to Figure 1, natural gas was admitted 
from the service line and passed through a calibrated 
orifice manometer. From here it passed to a mixing column 
where it came in contact with the nitric acid. 

The nitric acid is heid in a 500 c.c. dropping 
funnel which has the stem drawn out to a small opening. A 
calibrated glass capillary dropper is attached to the drop- 
ping funnel by means of a short length of rubber tubing. 
Gare was taken that glass to glass contact be maintained in 
order to prevent any action between the acid and rubber. 

The dropper was so arranged that the acid would run down the 
mixing tube and would be completely vaporized before reach- 
ing the reaction chamber. 

The mixing tube reaches down approximately half 
way into the reaction vessel. A thermometer was inserted 
in the reaction zone with its bulb slightly above and to 
one side of the end of the mixing tube. 

The reaction vessel is a 250 c.c. pyrex distilling 


fiask which is immersed in a molten salt bath up to the point 
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where the bulb meets the stem. The salt bath has the followig 
composition, 40 per cent NaNOo, 7 per cent NaNog and 95 per 
cent KNOs. This composition was chosen because of its great 
stability at elevated temperatures (9). The salt bath is 
heated with gas and is controlled by means of a gas thermo- 
meter type of controller. This controller is illustrated in 
figure 2. 

The reaction products pass through a counter-current 
water condenser, and an ice condenser. A scrubber packed with 
glass wool and saturated with concentrated nitric acid, im- 
mersed in a salt-ice mixture follows. From here the reaction 
products which have not already condensed pass to a scrubber 
immersed in a acetone-dry ice mixture. This scrubber consists 
of two 50 c.c. test tubes each of which contained 20 c.c.'s 
of ether. A caustic scrubber containing 100 c.c. 'sS of ap- 
proximately IN KOH completes the flow system and from here 


the remaining gas passes to the atmosphere. 
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Nitration Apparatus 


Front View 


Figure 3 


Nitration Apparatus 


Side View-showing 
condenser system 


Figure 4 
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ixperimental Procedure 


The salt bath was allowed to come up to tempera- 
ture well in advance of the run. Shortly after the salt 
bath became molten the gas thermometer bulb and the reaction 
vessel were placed in the bath. The thermometers were then 
placed in the salt bath and in the reactor. As soon as the 
bath reached a temperature about ten degrees below that de- 
Sired the pressure release valve on the temperature controller 
(see Figure 2) was closed. This resulted in the desired 
temperature being maintained. 

After the remainder of the apparatus was set up all 
cork stoppers were sealed with wax. ‘The connections through- 
out are all glass to glass. The gas was then allowed to pass 
through the apparatus with a manometer reading maintained at 
2 ems. This corresponds to a methane rate of .0142 ib. mols 
per hour. With the gas running through the apparatus a check 
was made for leaks. 

When the apparatus is in working order and the gas 
passing through at a constant rate the nitric acid was allow- 
ed to pass into the reaction chamber and a timer was started. 
The acid dropper is so arranged that the drops do not fall 
directly into the reactor but flow down the stem of the mix- 
ing tube connecting the dropping funnel to the reactor. This 
results in a more evenly distributed flow into the reaction 
vessel. The acid becomes vaporized in its flow downward and 


mixes with the gas. 
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During each run the following readings were taken 
every ten minutes: acid dropping rate, gas flow rate, bath 
temperature, reaction temperature and temperature of the 
gas leaving the ether scrubber. After an interval of one 
hour the nitric acid flow was stopped. ‘the gas however 
was allowed to pass through the apparatus for another two 
minutes to flush it out. The various condensers and scrub- 
bers were then removed and the products analysed for nitro- 
methane. 

Since the loss of nitromethane in the extraction 
procedure is cumulative and difficult to determine directly 
a standardization run was made using a Known amount of nitro- 
methane and maintaining conditions as nearly similar to 
operating conditions as possible. No nitric acid was passed 


through the apparatus in this standardization run. 
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Analytical Methods 


The nitromethane which constitutes the desired 
product from this reaction is obtained from three sources. 
The major portion of this product is found in the ether 
serubber. The ether is distilled off in, a water bath, the 
bath temperature not being allowed to exceed 55°€.. A cma ltl 
amount of boric acid was added to prevent any decomposition 
of the nitromethane. The acid is neutralized with approx- 
imately 1ON KOH and the product is separated from the satur 
ated salt solution layer. The amount of nitromethane re- 
maining in the saturated salt solution was determined since 
its solubility is known. This was found to be 2.8 c.c.'s 
per 100 c.c.'s of solution under the experimental conditions. 

The product from the ice condenser and the scrub- 
ber immediately following it contains mainly water and unre- 
acted nitric acid plus a smail amount of nitromethane. This 
is neutralized with approximately 1ON KOH until a slight 
orange color is imparted to the solution. This occurs at a 
pH of about 5 as determined with congo-red paper. This 
neutralized solution was then extracted with ether. 

The product from the caustic scrubber was neutral- 
ized with concentrated nitric acid. This neutralized so- 


lution was also extracted with ether. 
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Method of Calculation 


Contact Time 

The contact time was computed from the inlet gas 
volume, corrected to the reactor temperature and pressure. 
The bulb volume used in determining the time of contact was 
280 c.c.'sS. All contact times are expressed in seconds. A 


sample calculation is as follows: 


280 D< 3600 2 270 seconds 
28,520 13920 


where 13.20 is the gas volume in cubic feet per hour pass- 
ing through the reactor at 354°C. and 710 mm. Hg pressure. 
Capillary Dropper Calibration 

The capillary droppers were calibrated by weigh- 
ing the amount of nitric acid which passed through the 
dropper in one minute. The number of drops per minute were 
also determined. 
Yields 

The theoretical yield of nitroparaffin calculated 
as nitromethane was determined by use of the following equa- 
tion in which 63 grams of nitric acid theoretically results 
in a nitromethane yield of 61 grams. 


CH,(g) + HNOz(g)——> CHgN0e(g) + He0(g).— 


oan an 


a ig ; a ae (ek 40 ys 
i ’ tT i ‘eis oe eae 
; , f ) $ i A VV : ’ Bt uy” A or 
i tare) z yl rn ale , ; 
4 oe 
: i nee a aha - m" a re eth 
° Peon Lie iy He eualvart Wok se Ne 
ae o SP ed SR ee cd “e ne M 
Se oe oy es Ae aM 4 
r wr Me DEP Bal nel Sel =| K c ; 
LS y mee ; ay a i a 
7 4 ~*~ > Se! a‘ ‘aise a Tro lias aa» 
°* « F 
ao @. 7 | . 
eS a) As ‘ eM HAE Nh 
‘ m i ics Rt mys Digan ig i 
# “ i " CH} r ‘i 
- ys a UY A he 0 Lee Kish red Wiel Naas tide) ak 
ae _§ ; Pa 
7 : 
o.. ; te i ty 4 
ae a ‘ , H f Z Bik eh Le 
: ti) r ue 4 &) 2 
ten, are ae ey Se Soe glia Gani 
| ; (Paarl eon as vn tanta iA San 1 Ava sept yeti ph i i 
ie a yr mats rh Hh ihe iy is 
Pitas t Saale RM 
i 


So WON 8 het ai” Na Ia al Rear) 


: j os i 
i T \ ¥ * watt Ly neh ane g 
= i i 7 Paes m j H . Pap ae ih iy "dal . 7 OPE tay a hay 
m ‘ ' oer tc, a's pe) se Wat ee ou ee et rane a Vow 
~ 38 : i ates ae: F Byes ie cn Mahan ‘ St . 
a a rr 8 ’ ot aoe ‘ ay ty ah PIR Pe. Sila 08 Es ‘ a { Fj 
de : i 
, a : ) 
q | 
ro sn ‘ A 
, 5 ; if coe eas i a et 
sat ede z os, @) ws ew mabe hg 5 a a Ute PO AP a) 
~ a He oy Ae a ‘ ae % } th mg a # Wale Ash De asa 
sf " ew Ley Cate a ihe aaah as bide u ' 
pa vas 2 ; ; 
ee : 
, é ( 
' i ; - : 
J i vate A gh 
| z th Ale geal :certann eae hae INI ee 
ant i ‘ ' 5: ly i 
‘ ¢ va < MT ks nN By ale a | ¢ fea b 
; i ae ane, oa 44 rn OS ara | ; y i i) ’ uw Ba 
; : OL Ls ee oh pear iin 


5 i ice ‘ i Ny Pies 
te i ae { ph ply Pee ey AER a hu URW LDU a tsr bh hi Ae Ma 
a Aad ha ae Nina : * . NER ALS lod aia ROR, Magee , ahs be ok fie sree) 
; , 


OAL 


ixperimental Results and Discussion 


On the first few runnings of the nitration ap- 
paratus a simple condenser system was used consisting of a 
water condenser, ice condenser and a dry ice-acetone con- 
denser. ‘The yields using this condenser system were low 
and it was suspected that considerable nitromethane was 
passing out with the exit gases. This loss was substan- 
tiated by placing a caustic scrubber containing a 10 per 
cent solution of KOH in the flow circuit. After the con- 
pletion of the run this solution was a bright red color. 

As a result the flow system was changed to the one described 
earlier in this report. 

Ven using an ether scrubber ali the nitromethane 
was not removed thus necessitating a caustic scrubber in the 
fiow circuit as shown in Figure 1. Here the nitromethane 
was tied up as the potassium salt. 

The major portion of the nitromethane produced was 
trapped in the ether scrubber along with some nitric acid 
and nitrogen trioxide. The collector in the ice condenser 
contained mainiy unreacted acid and water pius a small a- 
mount of nitromethane. The distribution of the nitromethane 
is shown in Table il. 

Effect of Temperature on the Reaction 
The reaction temperatures and bath temperatures 
remained quite constant during the runs. 

The temperature was found to be fairly critical in 


the gas phase nitration of methane. In all cases observed 
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TABLE I 


ixperimental Vata_and Results 


Methane Flow Rate ....0.0142 1lb.mols per hour 
Pressure...e./10 mm. Hg 

Duration of run....60 minutes 5 A 
Contact Time....2.38 - 2.70 seconds (440 C. - 354 C.) 
Nitrie Acid Concentration....71.7% 

lixtraction Efficiency (from standardization run)....96% 


Run WMols CH, Bath React ither Acid Theor: Act.) (ae Yield 
Wo. per Mol Temp. Temp. Scrubber Used Yield Yield 
HNOs OC. oc. Temp. C. gms. ems. Carrected 
it ae 
a 

ak 29004 380 568 -68 15.4 14.9 3.44 25 ee 
2 24.4 396 588 -65 16.6 16.1 4.59 27.9 
3 25 4 413 412 -63 15.9 15.4 5.00 52.4 
4 26 4 454 435 -66 15.35 14.8 2290 16.2 
+) 26.4 395 O91 -65 15.3 14.8 4.359 29.6 
6 26 4 427 426 -63 15.8 15.4 35.68 27.5 
7 00.5 391 S81 -70 15 .3 12.9 4,035 o1.2 
8 27.0 439 438 -68 14.9 14.5 5.08 21.2 
9 18.8 35370 004 -70 Bled cdeme, 4.5.7 20.0 
10 16.9 O76 568 -69 2509 29 0a 6.17 26.6 
11 18.8 O85 o71 -70 21.5 20.8 3 46 268 
12 18.5 400 390 -69 21.9 alee 6.88 3204 
13 18.8 416 590 -69 19.7 19 aL 385 50.4 
14 17.2 434 44.0 -41 2504 B27 560 24.7 
15 17.9 408 409 -64 2oel 22.4 748 DD 0d 
16 any) ou) 4.24 430 -64 2228 22el 6.40 28.9 
17 10.4 395 084 -66 O9e0,  O7 .o 0 68 elo 
18 9.8 418 420 -63 41,0 39.7 5.94 15.0 
19 10.7 400 416 -56 98.0 36.8 4.75 12.9 
20 76 441 455 -60 32 0n Slee 2.00 8.0 


# based on nitric acid used. 
## Actual Yield Corrected = Actual Yield.x 100 
96 
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TABLE II 


Nitroparaffin Distribution 


Run CHgNOp in CHZNOo in CHsN05 in Total total Total 


No. Condenser ther Caustic Volume Weight Weight 
system scrubber ocrubber e.c.'sS gms. UCorrected 
6c S €.e."'S ese. S gms e 


1 G4 2.5 Oe 2.9 3.30 3.44 
2 0.2 B il 0.4 S17 Av22 4.39 
3 0.6 3.0 0.6 4.2 4.79 5.00 
4 0.4 1S 0.4 2.3L 2.40 2.50 
5 04 3.0 0.3 3.7 Annee 4.39 
6 One 2i7 0.2 Bel 3.54 3.68 
7 0.2 3.0 G2 aad 3.88 4.03 
8 0.6 144 0.6 2.6 2.96 3.08 
9 0.4 TA ee oD 4.00 CY 
10 2 3.9 ilapea Bie 5.93 6.17 
TIL 0.6 3.8 6.2 4.6 5.25 5.46 
Ieee s.O9 4.7 0.2 5.8 6.61 6.88 
13 0.4 3.9 0.6 4.9 5.58 5.83 
14 0.8 3.4 0.5 4.7 5.36 5.60 
15 0.8 4.3 12 6.3 7.19 7,48 
16 0.8 3.4 12 5.4 6.15 6.40 
17 0.6 2.3 0.2 yea 3.54 3.68 
18 2 219 0.9 5.0 5.70 5.94 
19 1.6 204 0.3 416 4.56 4.75 
20 0.6 6.9 0.6 20 2.40 2.50 
Dee AOse 2.0 0.5 Bedi 3.55 


initial amount of CHgNOo = 6.70 gms. 


# Total Weight Corrected = Total Weight x 100 
96 
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the optimum temperature for the reaction was approximately 
A160 Car the yields falling off rapidly as the reaction 
temperature increased or decreased. Figure 5 illustrates 
this graphically. 

Preliminary runs have established that no nitra- 
tion reaction occurs below 335°C. 

The variation of the reaction temperature with 
bath temperature is shown in Figure 6. These results 
illustrate the exothermic nature of the reaction, the salt 
bath serving as a heating medium at the lower temperatures 
and a cooling medium at higher temperatures. 

A strong blue color was imparted to the ether so- 
lution at low reaction temperatures due to liquid No 0x which 
dissolved in the ether. On removing the ether solution from 
the dry-ice acetone bath brown NO. fumes came off as the 
No0z was oxidized by the air. 

The maximum yield based on the nitric acid used, 
occurring at a reaction temperature of about 410°C., and 
contact time of 2.47 seconds was 33.5 per cent using a mol 
ratio of methane to acid of 18:1, 52.6 per cent with a mol 
ratio of 26:1 and 14.0 per cent with mol ratio 9.6:1l. 


Effect of Mol Ratio on the Reaction 


No advantage is to be obtained by operating at a 
mol ratio of methane to acid greater than 16:1. A mol ratio 
of 9.6:1 resulted in low yields. The optimum mol ratio to 
be used with contact time 2.58—2.70 seconds is probably be- 


tween these two values. ‘There is no great difference in 
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the two curves of Figure 5 representing mol ratios of 
18:1 and 26:1, both having a maximum at the same tempera- 


ture and having the same general shape. 
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The possibility of producing nitromethane by 
the atmospheric pressure gas-phase nitration of natural gas 
has been investigated. The following ranges of conditions 
have been covered: 

Temperature: S54 6. = 455°C. 

fol Ratio CH,/HNOQg : 9.6:1 — 26:1 

Results indicate the following: 

1. Reaction is exothermic. 

2. No appreciable nitration reaction occurs below 335°C. 

oe. Mol ratios of methane to nitric acid above 18:1 do not re- 
sult in increased yield. 

4. The optimum temperature for the reaction at a contact time 
of 2.47 seconds is approximately 410°C. 

DS. The maximum yield of nitromethane based on the added nitric 
acid is 55.5 per cent at a temperature of ALO)... contact 
time of 2.47 seconds and mol ratio of methane to acid of 
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Nitromethane Tree (2) 
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Properties of Nitromethane (2 
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